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This invention relates fo a process fol" the 
production of çhosphoric acid. More particular- 
ly the invention relates fo a process for the 
production of phosphoric acid which is substan- 
tially free from iron compounds and certain other 5 
impurities. 
In a narrow sense, the terre ferroçhosphorus 
is definitive of a rather complex mixture of 
compounds of iron and phosphorns and is under- 
stood fo be a mixture of alloys of iron and phos- 10 
phorns This type of ferrophosphorus may be 
produced by fiuxing appropriate amounts of me- 
tallic iron and elemental phosphorus until the 
metals react fo form an alloy having the requi- 
site proportions of the elements. Depending up- 15 
on the molecular lrolortions of iron and lhOS- 
phorns employed in the reaction, an alloy is 
obtained which contains an extensive series of 
compounds of iron and phosphorus. 1or ex- 
ample, among the compounds of iron and çhos- 20 
phorns which are prescrit in a typical ferro- 
phosphorus product may be mentioned the fol- 
lowing: 1e3P, FesP2, Fe4P3, 1e2P, 1eP and FeP4. 
This type of ferrophosphorns is generally pro- 
duced for certain nses in the steel industry 25 
wherein controlled amounts of phosphorus must 
be added fo alloy steel products in order to 
control the oxygen content thereof. 
More ]iberally construed, the terre ferrophos- 
phorns is definitive of a rather impure product 30 
which is çroduced in electrolytic furnaces where- 
in a mixture of phosphatic material such as 
tricalcium phosphate, silica and carbon or coke 
is heated in an electric arc in order fo produce 
elemental 3hosphorus by a volatilization pro- 35 
cedure. Periodically such furnaces are tapped 
in order to draw off molten slag or other ira- 
purifies from the reaction mixture. A certain 
l]ortion of this slag contains ferrophosphorus, 
including substantially all of the compounds of 40 
iron and çhosçhorus mentioned above, as well 
as certain compounds of calcium such as cal- 
cium silicate. This slag is known in the trade 
as ferrophosphorus, and the terre ferrophos- 
phorus as employed herein and in the appended 45 
claires is deemed fo include such an impure 
product as well as the products of higher purity 
described in the preceding paragraph. 
It has been previonsly proposed fo employ fer- 
rol]hosphorus in a more or less pure state for the 50 
production of phosphoric acid by reacting fer- 
rophosphorus with concentrated sulfuric acid. 
For example as was taught in the article "The 
decomDosition of ferrophosphorns" by F. A. Hen- 
glein and K. Stoeckert, Beiheft Z. Ver. duet. 55 
Chem. No. 27 or Angew. Chem. 50, 380-2 (1937), 
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ferrophosphorus has been heated ai tempera- 
tures above 100 ° C. with concentrated sulfuric 
acid or sulfuric acid monohydrate in a ratio of 
about 1 part by weight of ferrophosphorus fo 
about 4 to 5 uarts by weight of concentrated sul- 
furic acid. The resulting reaction product com- 
prises phosphoric acid, ferrous sulfate, hydrogen 
sulfide, sulfur, sulfur dioxide and water. The 
resultant reaction mixture is clarified by either 
filtration or centrifugation, thereby removing the 
suspended solids contained therein which com- 
prise ferrous sulfate and sulfur produced during 
the reaction. The resultant acid mixture com- 
prises a mixture of meta-phosphoric acid, ortho- 
phosphoric acid and sulfuric acid. While if has 
been stated that this acid mixture is.substantially 
free from iron compounds such as ïerrous sul- 
fate, if bas been round that the final acid mix- 
ture contains between about /e and about 1 part 
by weight of ferric oxide to 100 parts by weight 
of phosphorus pentoxide. This relatively high 
iron content relegates the product fo the class 
of impure phosphoric acids, and in order to 
more the residual iron therefrom, the acid mix- 
ture must be subjected fo a series of chemical 
treatments such as addition thereto of hydrogen 
suhïde or metallic sulfides in order fo eliminate 
the iron as iron sulfide. If bas been round that 
such a procedure is economically prohibitive and 
the resulting purhïed phosphoric acid is not com- 
petitive with pure phosphoric acid produced by 
the oxidation of elemental phosphorus. 
If is an object of the invention fo produce 
phosphoric acid from ïerrophosphorus, said acid 
being substantially free of iron compounds. 
If is a further object of the invention fo pro- 
duce phosphoric acid from ferrophosphorus, said 
acid being substantially free from sulfur and 
compounds of sulfur. 
If is a further object of the invention to pro- 
duce phosphoric acid from ferrophosphorus, said 
acid being of sulïicient purity to tender it ac- 
ceptable to the pharmaceutical and food indus- 
tries. 
The above objects, as well as others which will 
become apparent upon a more complete under- 
standing of the invention which is hereinafter 
fully described, are accomplished by reacting a 
composition containing ferrophosphorus with 
sulfuric acid while maintaining the reaction mix- 
ture in an anhydrous condition. The ferrophos- 
phorus employed in the reaction may be a pure 
alloy of iron and phosphorus or one containing 
compounds of iron and phosphorus of the type 
previously herein described. Alternatively, if_ 
may be a rather impure ferrophosphorus such as 
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that produced in slag in phosphorus electric 
furnaces, and which has a typical analysis as 
follows: 
21.5% P 1.3% Ti 
3.6% Si 0.5% C 
3.3% Mn 0.08% F 
67.2,% Fo Trace CaO 
Either type of product may be reacted with 
sulfuric acid at a suitable temperature while 
maintaining the reaction mixture in an anhy- 
drous condition. This is accomplished by incor- 
porating in the sulfuric acid a suitable dehydrat- 
ing agent which is inert with respect to the 
sulfuric acid and ferrophosphorus under the con- 
ditions obtaining, in an amount sufficient to re- 
more from the reaction mixture the water which 
is produced in the reaction between ferrophos- 
phorus and the sulfuric acid. Usually a substan- 
tial amount of sulfur wfll be formed during the 
reaction between ferrophosphorus and sulfuric 
acid, and will precipitate from the reaction mix- 
ture together with other insoluble matter such as 
ferrous sulfate, usually in a finely divided state. 
Since the precipitated solids are subsequently 
removed from the acid solution either by filtra- 
tion. or centrifugation, the formation of finely 
divided material is rather objectionable in that 
such filtration operations are quite difiïcult to 
perform due to clogging of the filtration media. 
The precipitation of sulfur during the reaction 
may be avoided by preliminarily incorporating 
into the reaction mixture a suitable oxidizing 
agent which will oxidize the sulfur to sulfur diox- 
ide, the latter being eliminated from the reac- 
tion mixture as a gas during the reaction period. 
It has been round that when a ferrophospho- 
rus-sulfuric acid mixture is maintained in a sub- 
stantially anhydrous condition during the reac- 
tion period the ferrous sulfate which is produced 
during the reaction is substantially insoluble in 
the resultant reaction mixture and that the 
phosphoric acid which is the end product of the 
process contains only about 1 part by weight of 
ferric oxide to about 2,000 parts by weight of 
phosphorus pentoxide in contrast to the 1% of 
ferriC oxide in phosphoric acid which has been 
produced from ferrophosphorus in accordance 
with the prior procedure hereinbefore described. 
Ferrophosphorus and sulfuric acid which con- 
tains a dehydrating, agent, and preferably in ad- 
dition thereto, an oxidizing agent in amounts 
which will be hereinafter described, will react 
ai temperatures of about 100 ° C. and higher, 
preferably ai a temperature of about 250 ° C. The 
water which is normally produced in the reac- 
tion between ferrophosphorus and sulfuric acid 
will be removed from the reaction mixture by the 
dehydrating agent present therein. Ferrous sul- 
fate, which is produced in the reaction, readily 
precipitates from the reaction mixture and may 
be removed by the procedures previously herein 
described. When an appropriate oxidizing agent 
of the type herein subsequently described is pres- 
ont in the sulfuric acid, the sulfur which is pro- 
duced during the reaction is removed from the 
reaction mixture as gaseous sulfur dioxide. In 
the event that a ferrophosphorus slag is em- 
ployed in the reaction with sulfuric acid, an ad- 
ditional amount of precipitate will be formed 
which comprises calcium sulfate, calcium sili- 
cate and smalt amounts of aluminum and other 
metallic sulfates. These will also be removed 
with precipitated ferrous sulfate by the proce- 
dures prviously herein described. The result- 
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ing clarified acid mixture comprises essentially 
meta-phosphoric acid and varying amounts of 
sulfuric acid, the latter depending upon the 
quantity of sulfuric acid originally employed in 
5 the reaction. The resulting clarified acid solu- 
tion is heated in order to remove therefrom the 
varying amounts of sulfuric acid present therein. 
For this operation temperatures between about 
400 ° and about 500 ° C. are suflicient to remove 
10 substantially all of the excess sulfuric acid from 
the acid mixture when performing the heating 
operation ai atmospheric pressure, ihis 
sults in a product containing less than 1% by 
weight of sulfuric acid, said product being mora- 
l5 phosphoric acid of about 98 to 99% purity. This 
product may be converted into pyro- or ortho- 
phosphoric acid by the addition thereto of suit- 
able amounts of water in accordance with meth- 
ods vhich are familiar to those skilled in the art. 
20 1Viore particularly the instant, process is car- 
ried out by admixing ferrophosphorus of the type 
previously herein described with an appropriate 
amount of sulfuric acid, the latter containing de- 
hydrating agent for the purpose of removing the 
25 water, and preferably in addition thereto an ox- 
idizing agent for removing sulfur produced dur- 
ing the reaction. While itis possible fo employ 
equivalent amounts of sulfuric acid in order to 
,react with the phosphorus values contained in 
30 the ferrophosphorus, itis preferable to employ 
an excess of sulfuric acid in order to produce a 
fluid reaction mixture, and in order to produce 
a reaction product which is more amenable to 
filtration or centrifugation procedures. Pref- 
35 erably between about 10 and about 20 parts of 
sulfuric acid which contains dehydrating agent 
to 1 part by weight of ferrophosphorus are em- 
ployed in order to produce a workable reaction 
mixture. The amount of dehydrating agent 
40 present in the reaction mixture should be such 
that all of the water produced therein is auto- 
matically removed from the liquid phase as it is 
produced during the reaction. Any dehydrat- 
ing agent which is inert with respect to the re- 
45 actants under the conditions obtaining and 
whose hydrate may be removed from the reac- 
tion product may be employed. Among those 
which are particularly suitable may be men- 
tioned sulfur trioxide, phosphorus pentoxide, and 
50 other dehydrating agents which, upon reaction 
with water, will produce a product which may 
be volatilized in subsequent steps of the process. 
In the event that minor amounts of impurities 
other than iron and aluminum may be present 
55 in the final phosphoric acid product, itis possible 
to employ such dehydrating agents as anhydrous 
sodium sulfate, potassium sulfate, magnesium 
sulfate, and similar dehydrating agents. The 
only limitation upon the dehydrating agent is 
6o that it must hydrate in preference to having the 
ferrous sulfate become hydrated. The latter 
must romain unhydrated if itis tobe successfully 
removed from the resulting reaction mixture. 
As herein previously described, itis usually 
65 vantageous to incorporate in the reaction mix- 
ture an oxidizing agent which is inert with re- 
spect to the reactants under the conditions ob- 
taining and which will oxidize the sulfur pro- 
duced during the reaction to sulfur dioxide. Sul- 
îo fur trioxide is a particularly suitable reagent for 
this purpose. Oxidizing agents such as sodium 
peroxide, barium peroxide, nitric acid, hydrogen 
peroxide, potassium dicln'omate and sodium di- 
chromate, oxygen, chlorine and fiuorine may alto 
75 be employed in order te oxidize the sulfur. 



Ï has been found that su]fur trioxide is par- 
ticularly applicable both as a dehydrating agent 
and as an oxidizing agent in the instant process. 
Therefore, in a preferred embodiment of the in- 
vention ferrophosphorus is heated with an ex- 5 
cess of sulfuric acid which contains su]fur tri- 
oxide, such a reagent being lhnown in the trade 
as oleum. For example, ferrophosphorus can be 
heated ai a temperature above about 100 ° C., and 
preferably between about 100 ° C. and about 300 ° l0 
C. with an excess of oleum, the latter containing 
between about 10 and about 25% by weight of 
su]fur trioxide. By the terres "excess of oleum" 
or "excess of su]furic acid" is meant an amount 
of either oleum or sulfuric acid which is in excess 15 
of the stoichiometric amount required to react 
with the phosphorus values contained in the fer- 
rophosphorus. Preferably about I part by weight 
of ferrophosphorus is reacted with between about 
10 and about 20 parts by weight of oleum, or 20 
sulfuric acid which contains a suitable amount 
of dehydrating agent, and preferably, in addition 
thereto, contains oxidizing agent of the type here- 
in previously described. The reaction between 
ferrophosphorus and sulfuric acid or oleum takes 25 
place beginning ai about 100 ° C. and is prefer- 
ably conducted between about 100 ° and about 
300 ° C. The period of rime required îor the re- 
action will depend upon various factors such as 
the temperature at which the reaction is carried 30 
out; the excess of oleum or sulfuric acid contain- 
ing dehydrating agent; and upon the amount of 
dehydrating agent and oxidizing agent present 
in the reaction mixture. The impurities which 
precipitate from the resultant reaction mixture 35 
comprise ferrous sulfate and small quantities of 
other metallic sulfates including calcium and 
aluminum in the event that an impure ferro- 
phosphorus bas been employed in the reaction. 
The precipitated impurities are removed from the 40 
reaction mixture by a filtration or centrifugation 
procedure which is carried out in an anhydrous 
atmosphere, for example, dry air, nitrogen or 
carbon dioxide. The temperature of filtration or 
centrifugation is hot critical but due to the in- 45 
herent viscosity of the reaction product, these 
operations are preferably conducted whfle main- 
taining the reaction mixture at a temperature 
between about 50 ° and about 100 ° C. In ortier 
to increase the yield of reaction product it is 50 
preferable to wash the insoluble precipitate with 
either oleum, anhydrous sulfuric acid, or sulfuric 
acid containing a suitable dehydrating agent. 
The resulting acid mixture is then heated in 
order to volatilize excess sulfuric acid and excess 55 
volatile dehydrating and oxidizing agent present 
therein. This operation may be conducted at 
atmospheric pressure at temperatures up fo 500 ° 
C., preferably between about 400 ° and 500 ° C. 
This achieves volatflization of substantially all 60 
excess sulfuric acid.' Evaporation may also be 
conducted in vacuo at correspondingly lower tem- 
peratures. In some instances if is advantageous 
to evaporate the acid mixture to a point where 
the sulfuric acid content of the saine bas been 65 
reduced to about 15 to 25% sulfuric acid. The 
mixture is allowed fo stand for a su]table period 
of rime, whereupon a small additional amount 
of solids, which comprise ferrous sulfate and 
minor amounts of other metallic sulfates, pre- 70 
cipitate from the acid mixture. The evaporation 
is then continued untfl substantially all the sul- 
furic acid bas been volatflized from the acid prod- 
uct. The resulting meta-phosphoric acid may 
then be converted into ortho-phosphoric acid by 75 

the addition thereto of a suitabie ämoun of 
water. The resulting product has an iron oxide 
content of about 1 part by weight of FeO to 
about 2,000 parts by weight of P20» and exhibits 
a negative su]fur trioxide analysis. 
The insoluble precipitate which is removed 
from the reaction product according to proce- 
dures herein previously described, consists prin- 
cipally of ferrous sulfate and may be decomposed 
by heating at elevated temperatures into ïerric 
oxide and su]fur trioxide. The su]fur trioxide 
may be added to sulfuric acid fo produce oleum, 
which is one of the preferable reactants in the 
instant process. The iron oxide may be reacted 
with tricalcium phosphate from phosphatic rock 
or other suitable phosphatic material to form 
ferrophosphorus. This affords a cyclic process 
which conserves the reactants and substantially 
reduces the overall cost of the process. 
In the event that the phosphoric acid produed 
by reacting ferrophosphorus with oleum, or sul- 
furic acid containing a su]table dehydrating agent 
and oxidizing agent, contains a small amount of 
color bodies due to certain organic impurities 
contained in the ferrophosphorus or sulfuric acid, 
this nay be removed by adding to the phosphoric 
acid product a su]table amount of oxidizing agent 
such as nitric acid, hydrogen peroxide, chlorine 
gas and simflar reagents which are customarfly 
used for purification by oxidation. 
In order to more fully fllustrate the nature and 
character of the invention, but with no intention 
of being limited thereby, the following example 
is recited: 
Example 
About 25 g. of ïerrophosphorus which fs pro- 
duced as a slag in an electrolytic phosphorus 
ïurnace and which contains a phosphorus equiv- 
alent of about 13.31 g. of PO», was mixed with 
about 350 g. of 20% oleum (sulfuric acid mono- 
hydrate containing about 20 % by weight of su]- 
fur trioxide). The resulting mixture was heated 
ïor about 1 hour at a temperature of about of 
about 300 ° C. The resulting reaction product 
was then filtered under pressure of dry nitrogen 
gas and the filter cake washed with 20% oleum 
in an amount equivalent fo about /e of the volume 
of the original filtrate. The combined filtrates 
were evaporated directly at atmospheric pressure 
by heating the acid mixture to a temperature of 
about 450 ° C. The resulting metaphosphoric acid 
distiland was hydrolyzed fo a dflute ortho-phos- 
phoric acid by adding about 124 g. of water there- 
fo. The resulting ortho-phosphoric acid had an 
iron content of about 1 part by weight of FeO3 
fo about 2,000 parts by weight of P20». The filter 
cake contained about 0.89 g. of PO» of which 
about 11.2% or 0.1003 g. was unreacted ferro- 
phosphorus. The yield of ortho-phosphoric acid 
based upon the phosphorus content of the original 
ferrophosphorus was about 93 % by weight. 
If is apparent from the analysis of the phos- 
phoric acid produced in accordance with the 
above described process that a substantial re- 
duction in the iron content of phosphoric acid 
produced from ferrophosphorus in a reaction with 
sulfuric acid bas been achieved in comparison 
with the procedures heretofore employed. Fur- 
thermore, a phosphoric acid fs produced which is 
about 98 fo 99% pure, and which contains no 
measurable SO3 content. 
While the instant process as herein described 
bas illustrated a batch type operation, if fs hot 
intended fo limit the invention fo such an opera- 
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tiofi. 0n the contrary, a continuous type opera- 
tion may be advantageously employed by re- 
cycling sulfur trioxide and ferric oxide, the latter 
being produced by decomiosing ïerrous sulfate, 
which precipitates during the reaction, into ferric 
oxide and sulfur trioxide, and reacting the ferric 
oxide with phosphatic marrer to produce ferro- 
phosphorus as previously herein described. If 
desired, su!fur trioxide may be introduced di- 
rectly into the reacting mixture while using sul- 
furic acid as one of the reactants. Furthermore, 
if is hot intended to limit the invention fo the 
particuta" operational details herein set forth, 
but obvious extensions and modifications which 
will be familiar to those skilled in the art are 
deemed to be within the scope of the invention. 
Having thus fully described the nature and 
character of the invention, what is desired fo be 
secured by Letters Patent is: 
1. A process for producing substantially :;.ron- 
free phosphoric acid which comprises :çeacting 
ai above about 100 ° C. a composition centaining 
essentially ferrophosphorus with sulfuric acid 
which contains free sulfur trioxide in an amount 
suiïicient to remove from the reaction mixture 
the water produced therein and separating the 
precipitated solids from the resultant reaction 
mixture and removing excess sulfuric acid and 
sulfur trioxide from the resuitant acid mixture. 
2. A process for producing substantiaily iron- 
free phosphoric acid which comprises reacting 
ai above about 100 ° C. a composition containing 
essentially ferrophosphorus with substantially 
anhydrous sulfuric acid which contains dehy- 
drating agent inert with respect thereto in an 
amount sufficient to remove from the reaction 
mixture the water produced therein and having 
greater-affinity for water than ferrous sulfate, 
said sulfuric acid also containing oxidizing agent 
in an amount suflïcient to oxidize the free su!fur 
produced in the reaction and separating the pre- 
cipitated solids from the resultant reaction mix- 
ture and removing excess suifuric acid from the 
resultant acid mixture. 
3. A process for producing substantially iron- 
free phosphoric acid which cemprises reacting 
at above about 100 ° C. a composition contining 
essentially ferrophosphoïus with substantia!ly 
anhydrous sulfuric acid which contains dehydïat- 
ing-oxidizing agent inert with respect thereto 
in an amount sufficient to remove from the reac- 
tion mixture the water produced therein and te 
oxidize the sulfur produced in the reactien and 
separating the precipitated solids from the 
sultant reaction mixture and remeving excess 
sulfuric acid from the resu!tant acid mixture. 
4. A process for producing substantially iron- 
free phosphoric acid which ceraprises heating a 
composition comprising essentially ferrophos- 
phorus with !0 to .20 parts of oleum per part of 
ferrophosphorus ai a temperature above about 
100 ° C. separating precipitated solids from the 
resultant reaction mixture and removing exces 
sulfuric acid from the resultant acid mixture. 
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5. A process for producing substantially iron 
ïree phosphoric acid which comprises heating a 
composition containing essentially ferrophos- 
phorus with an amount of sulfuric acid in the 
5 range of 10 fo 20 parts of acid per part of ferro- 
phosphorus, which contains between about 10 
and about 25 % by weight of free sulfur trioxide, 
at a temperature above about 120 ° C. separating 
precipitated solids from the resultant reaction 
I mixture and removing excess sulfuric acid and 
sulfur trioxide from the resultant acid mixture. 
6. A process for producing substantially iron- 
free phosphoric acid which comprises heating 
ferrophosphorus with 10 to 20 parts of oleum per 
15 part of ferrophosphorus, which contains between 
about 10 and about 25% by weight of free sulfur 
trioxide, ai a temperature between about 100 ° C. 
and about 300 ° C. separating the precipitated 
solids from the resultant reaction mixture and 
2 heating the resultant acid mixture ai a tempera- 
ture between about 400 ° and about 500 ° C. to re- 
move substantially all the excess sulfuric acid 
therefrom. 
ï. A process for producing substantially ir0n- 
5 free phosphoric acid which comprises heating 
ferrophosphorus and oleum, the latter contain- 
ing about 20 % by weight of free sulfur trioxide, 
in a ratio of about 1 part by weight of ferrophos- 
phorus between about 10 and about 20 parts by 
30, weight of oleum, ai a temperture of about 
300 ° C. separating thc preciiitated solids .from 
the resultant reaction mixture by filtration and 
heating the resultant solution to a temperature 
of about 450 ° C. to remove substantially all of 
5 the excess sulfuric acid contained therein. 
8. A process for producing substantially lron- 
free phosphoric acid which comprises reacting 
ai above about 100 ° C. a composition containing 
essentially ïerophosphorus with sulfuric acid, 
40 said sulfuric acid containing sufficient dehydrat- 
ing agent having greater affinity for water than 
ferrous sulfate and fo maintain substantially 
anhydrous reaction conditions, and removing ex- 
cess su!furic acid from the resultant acid mix- 
45 ture. 
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